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abstract

PURPOSE It remains unknown whether or not short-term androgen deprivation (STAD) improves survival among
men with intermediate-risk prostate cancer (IRPC) treated with dose-escalated radiotherapy (RT).

METHODS The NRGOncology/Radiation Therapy Oncology Group 0815 study randomly assigned 1,492 patients
with stage T2b-T2c, Gleason score 7, or prostate-specific antigen (PSA) value .10 and #20 ng/mL to dose-
escalated RT alone (arm 1) or with STAD (arm 2). STAD was 6 months of luteinizing hormone–releasing
hormone agonist/antagonist therapy plus antiandrogen. RT modalities were external-beam RT alone to 79.2 Gy
or external beam (45 Gy) with brachytherapy boost. The primary end point was overall survival (OS). Secondary
end points included prostate cancer–specific mortality (PCSM), non-PCSM, distant metastases (DMs), PSA
failure, and rates of salvage therapy.

RESULTSMedian follow-up was 6.3 years. Two hundred nineteen deaths occurred, 119 in arm 1 and 100 in arm 2.
Five-year OS estimates were 90%versus 91%, respectively (hazard ratio [HR], 0.85; 95%CI, 0.65 to 1.11];P5 .22).
STAD resulted in reduced PSA failure (HR, 0.52; P,.001), DM (HR, 0.25; P,.001), PCSM (HR, 0.10; P5 .007),
and salvage therapy use (HR, 0.62; P5 .025). Other-cause deaths were not significantly different (P5 .56). Acute
grade $3 adverse events (AEs) occurred in 2% of patients in arm 1 and in 12% for arm 2 (P ,.001). Cumulative
incidence of late grade $3 AEs was 14% in arm 1 and 15% in arm 2 (P 5 .29).

CONCLUSION STAD did not improve OS rates for men with IRPC treated with dose-escalated RT. Improvements
in metastases rates, prostate cancer deaths, and PSA failures should be weighed against the risk of adverse
events and the impact of STAD on quality of life.

J Clin Oncol 41:3203-3216. © 2023 by American Society of Clinical Oncology

INTRODUCTION

Prostate cancer was diagnosed over 1.4 million times
and accounted for 375,000 deaths worldwide in 2020.1

In the United States, nearly 40% of diagnosed have
National Comprehensive Cancer Network–classified
intermediate-risk prostate cancer (IRPC), comprising
the largest proportion of men undergoing definitive
therapy and underscoring the need for treatment opti-
mization in these patients.2

Previous studies investigating a combination of short-term
androgen deprivation (STAD) with radiotherapy (RT) led
to a greater understanding of how to optimally combine
these modalities in patients with IRPC.3,4 However, large

sample sizes and prolonged follow-up durations are re-
quired to demonstrate impacts on critical outcomes such
as distant metastases (DMs) and overall survival (OS).
These protracted durations can be long enough to affect
the direct clinical applicability of a studied intervention.

Such was the case for multiple studies activated in the
1990s demonstrating both disease control and survival
benefits for patients receiving STAD with RT compared
with RT alone.3,5-8 RT doses used on these studies
were in the range of 66-70 Gy. Simultaneously, mul-
tiple randomized trials were being conducted showing
improved disease control using escalated RT doses,
generally in the range of 78-80 Gy.9-11 As such, pa-
tients were shown to benefit from two independently

ASSOCIATED
CONTENT

Appendix

Protocol

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on February
28, 2023 and
published at
ascopubs.org/journal/
jco on April 27, 2023:
DOI https://doi.org/10.
1200/JCO.22.02390

Volume 41, Issue 17 3203

https://ascopubs.org/doi/suppl/10.1200/JCO.22.02390
http://ascopubs.org/journal/jco
http://ascopubs.org/journal/jco
http://ascopubs.org/doi/full/10.1200/JCO.22.02390
http://ascopubs.org/doi/full/10.1200/JCO.22.02390


tested interventions, the addition of STAD to lower RT doses
and escalation of that RT dose to levels currently consid-
ered standard. Hence, once the results of the STAD trials
matured, they were reported in the context of RT doses
since shown to be suboptimal. Despite no demonstrable
survival advantage, improvements in prostate-specific
antigen (PSA) and clinical progression associated with
RT dose escalation led to its acceptance, before this study’s
design, as a practice standard and a contention that the
need for STAD could potentially be obviated by delivering
higher RT doses.12-14

The NRG Oncology/Radiation Therapy Oncology Group
0815 study was designed to test the hypothesis that the
addition of STADwould continue to provide an OS benefit to
patients with IRPC despite intensified local treatment in the
form of dose-escalated RT.

METHODS

Patients

Eligible patients had IRPC diagnosed within 6 months
of enrollment defined by $1 of the following features: stage
T2b-T2c (American Joint Committee on Cancer Staging
Manual, sixth Edition); Gleason score 7; or pretreatment
PSA .10 and #20 ng/mL. Patients harboring all three risk
factors and $50% of biopsy cores positive were ineligible.
Pelvic CT or MRI and 99Tc bone scan were mandatory for
patients with multiple risk factors. Patients with equivocal
bone scan findings were eligible if radiographic evidence
supported the absence of metastatic disease. Patients with
nodal or distant metastatic disease, Gleason score $8,
PSA .20 ng/mL, or clinical stage $T3 were ineligible. Ad-
ditional exclusion criteria included prior local therapy

(prostatectomy, cryosurgery, or high-intensity focused ultra-
sound) or systemic therapy (hormonal manipulation or
chemotherapy) for prostate cancer. Patients had baseline
Zubrod performance status of 0-1 and no other active invasive
or hematologic malignancy (other than nonmelanoma skin
cancer) within 5 years of enrollment.

Patients underwent baseline assessment using the vali-
dated Adult Comorbidity Evaluation 27 (ACE-27) instru-
ment.15 Degrees of decompensation across cardiovascular,
respiratory, gastrointestinal, renal, endocrine, neurologic,
psychiatric, rheumatologic, immunologic, oncologic, sub-
stance abuse, and body weight domains are graded 1-3:
mild, moderate, or severe due to conditions in each cat-
egory, respectively. The final score reflects the maximum
grade in any category. Patients with grade 2 scores in
multiple domains receive a score of 3.

Participating sites received approval from their respective
institutional review boards. Informed consent was obtained
from all study participants at enrollment. This clinical trial
was supported by grants from the National Cancer Institute
with no commercial support provided.

Study Design

Patients were stratified by number of intermediate-risk fea-
tures (1 v 2-3), pre-enrollment ACE-27 score (,2 v$2), and
type of RT planned: external-beam RT (EBRT) alone or to-
gether with low-dose-rate (LDR) or high-dose-rate (HDR)
brachytherapy. Patients were randomly assigned to receive
either dose-escalated RT alone or in combination with
6 months of STAD. Trial coordination, data collection, sta-
tistical support, and manuscript preparation were conducted
centrally by NRG Oncology, an NCI-funded cooperative
oncology group.

CONTEXT

Key Objective
To test in a prospective, randomized trial the hypothesis that the addition of 6 months of androgen deprivation will provide a

survival advantage for men with intermediate-risk prostate cancer (IRPC) when added to dose-escalated radiation
therapy.

Knowledge Generated
Although 6 months of androgen deprivation did not produce an overall survival (OS) advantage, it was associated with

improvements in rates of biochemical failure, distant metastases (DMs), and prostate cancer–specificmortality. Although
no patient subgroups showed an OS advantage, nearly all had reduced rates of DMs and prostate-specific antigen failure
with androgen deprivation added. Adverse event rates were significantly higher in patients receiving androgen depri-
vation and must be weighed against its anticipated clinical benefits.

Relevance (M.A. Carducci)
This long-awaited report sheds light on the potential clinical benefits of short-term androgen-deprivation therapy for IRPC.

Along with the accompanying report on patient-reported outcomes, these results allow the clinician and patient to
determine the risk/benefits of STAD in this patient population.*

*Relevance section written by JCO Associate Editor Michael A. Carducci, MD, FACP, FASCO.
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Protocol Treatment

Treatment initiated within 4 weeks of random assignment.
EBRT alone consisted of 79.2 Gy (1.8 Gy/d) delivered to the
prostate and proximal 1 cm of seminal vesicle.16 Patients with
prostate volume,60 cc on transrectal ultrasound, American
Urologic Association symptom score #15, and no history of
transurethral resection of the prostate were eligible, per
physician/patient preference, to receive brachytherapy in
combination with EBRT. EBRT for brachytherapy patients
was delivered as above to 45 Gy (1.8 Gy/d). LDR brachy-
therapy was completed within 4 weeks after completion of
EBRT. Permitted isotopes were iodine-125 and palladium-
103. Boost doses for respective isotopes were 110 Gy and
100 Gy. HDR brachytherapy boost dose was 21 Gy in two
fractions of 10.5 Gy (separated by a minimum 6-hour in-
terval), using iridium-192, in single or multiple implant
procedures completed during or within one week of the
initiation or completion of EBRT.

STAD patients received luteinizing hormone–releasing
hormone (LHRH) agonist/antagonist plus antiandrogen for
6 months beginning 8 weeks before RT. Leuprolide,
goserelin, buserelin, triptorelin, and degarelix were per-
mitted and administered per manufacturers’ instructions.
Antiandrogen consisted of bicalutamide (50 mg once daily)
or flutamide (250 mg three times daily) beginning within
10 days of patients’ first LHRH agonist/antagonist injection.

Patient Assessments

Patients underwent history and physical examination with
performance status assessment, serum PSA and testosterone
levels, and required imaging within 60 days of registration.
Patients completed pre-enrollment AST, ALT, and alkaline
phosphatase. CBC was assessed during weeks 1 and 5 of RT
delivery, and patients were seen weekly with adverse event
(AE) assessment throughout RT. Follow-up consisting of
history and physical (including digital rectal examination),

performance status assessment, and PSA testing was com-
pleted at 3, 6, 9, and 12 months after RT, every 6 months for
years 2-5, and annually thereafter. Acute and late AEs were
scored using Common Terminology Criteria for Adverse
Events version 4.0. Acute and late were defined as the first
occurrence of worst severity occurring #30 or .30 days,
respectively, after RT completion, measured from the date of
initiation of protocol therapy.

End Points

End points were measured from the date of random as-
signment. The primary end point was OS. Secondary end
points included PSA failure, local recurrence (LR), DMs,
clinical or biochemical failure, prostate cancer–specific
mortality (PCSM), non-PCSM (nPCSM), and initiation of
salvage androgen-deprivation therapy (ADT). PSA failure
was defined as 2 ng/mL above post-treatment nadir value.17

LR was defined as biopsy-proven failure within the prostate
or seminal vesicles; DM as clinical and/or radiographic ev-
idence of disease beyond LR; and PCSM/nPCSM as death in
the presence or absence of clinically uncontrolled prostate
cancer, respectively. Cause of death assignment was
completed by study cochairs blinded to treatment arm with
complex cases discussed among evaluating individuals.

Statistical Analysis

Prior studies led to a 5-year OS estimate of 90% for patients
receiving RT alone. It was hypothesized that adding
6 months of STAD would result in absolute improvement of
3.3% (93.3%) at that time point, corresponding to a 34%
relative reduction in annual death rate (hazard ratio of
0.66). Under a one-sided significance level of 0.025 and
85% power, a sample size of 1,520 patients with minimum
218 deaths was required to achieve the stated power and
trigger primary end point analysis. Three planned interim
analyses were performed following prespecified numbers
of deaths in the two treatment arms; these occurred at

Patients registered and
randomly assigned (N = 1,538)

Assigned to radiotherapy
 alone (n = 771)

Assigned to radiotherapy
 and STAD (n = 767)

Ineligible              (n = 25)
  Baseline               (n = 2)
    assessment form
    never submitted
  Baseline              (n = 22)
    workup completed
    outside permitted
    time frame
  Did not meet        (n = 1) 
    intermediate-risk
    criteria

Ineligible          (n = 21)
  Baseline         (n = 20)
    workup completed
    outside permitted
    time frame
  Unspecified     (n = 1)
    reason

Eligible and
evaluable (n = 750)

Eligible and
evaluable (n = 742)

FIG 1. CONSORT diagram. STAD, short-term androgen deprivation.
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55, 109, and 163 events with corresponding P values of
0.0001, 0.0018, and 0.015, respectively, that would trigger

premature study closure for efficacy. Futility analyses were

also conducted. Stopping criteria were never met.

OS was estimated using the Kaplan-Meier approach,18

with the log-rank test used to compare survival rates
between randomization arms.19 The Cox regression
model20 was used to estimate hazard ratios, unadjusted
and adjusted for covariates, along with 95% CIs for further

assessment of treatment differences. Prespecified strat-
ification variables along with age and race were used as
covariates for the adjusted analysis. Secondary end points
of PSA failure, LR, DM, PCSM, nPCSM, and initiation of
salvage ADT were estimated using cumulative incidence
curves and compared using cause-specific hazard ratios
and the Fine-Gray method21 to account for death as a
competing risk. For AEs, chi-square or Fisher’s exact test
was used to compare frequencies; cumulative incidence
curves were generated and multiple logistic regression

TABLE 1. Patient Characteristics
Characteristic RT Alone (n 5 750) RT 1 STAD (n 5 742) Total (N 5 1,492)

Age, years, No. (%)

#49 9 (1) 10 (1) 19 (1)

50-59 105 (14) 96 (13) 201 (14)

60-69 361 (48) 320 (43) 681 (46)

$70 275 (37) 316 (43) 591 (40)

Race, No. (%)

White 557 (74) 554 (75) 1,111 (75)

Black 158 (21) 156 (21) 314 (21)

Other/unknown 35 (5) 32 (4) 67 (4)

Zubrod performance status,a No. (%)

0 642 (86) 645 (87) 1,287 (86)

1 108 (14) 96 (13) 204 (14)

Intermediate-risk factors, No. (%)

1 504 (67) 490 (66) 994 (67)

2-3 246 (33) 252 (34) 498 (33)

Comorbidity status, No. (%)

ACE-27 ,grade 2 504 (67) 496 (67) 1,000 (67)

ACE-27 $grade 2 246 (33) 246 (33) 492 (33)

RT modality, No. (%)

Dose-escalated EBRT 665 (89) 656 (88) 1,321 (89)

EBRT 1 LDR brachy 73 (10) 75 (10) 148 (10)

EBRT 1 HDR brachy 12 (2) 11 (2) 23 (2)

PSA, ng/mL, No. (%)

#10 538 (72) 530 (71) 1,068 (72)

10-20 212 (28) 212 (29) 424 (28)

Gleason score, No. (%)

2-6 63 (8) 61 (8) 123 (8)

7 (3 1 4) 499 (67) 471 (64) 970 (65)

7 (4 1 3) 188 (25) 210 (28) 398 (27)

T-stage, No. (%)

T1 493 (66) 449 (61) 942 (63)

T2 257 (34) 293 (39) 550 (37)

Abbreviations: ACE-27, Adult Comorbidity Evaluation 27; EBRT, external-beam RT; HDR, high-dose-rate; LDR, low-dose-rate; PSA, prostate-
specific antigen; RT, radiotherapy; STAD, short-term androgen deprivation; T, tumor.

aOne additional patient in arm 2, whose Zubrod score was reported as pending, was randomized and included in all analyses. This patient was
subsequently determined to have a Zubrod score of 2.

3206 © 2023 by American Society of Clinical Oncology Volume 41, Issue 17

Krauss et al



models fit to compare rates of acute and late events
adjusted for covariates. Planned subgroup analyses for
OS by RT type were performed, as well as post hoc
subgroup analyses for OS, PSA failure, and DM. All
P values reported are two-sided, including that for OS.

RESULTS

Patient Characteristics

One thousand five hundred thirty-eight patients from 223
centers were randomly assigned to dose-escalated RT
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FIG 2. Disease control outcomes: (A) OS, (B) prostate cancer–specificmortality, (C) distant metastasis, (D) PSA
progression, (E) rates of salvage ADT, and (F) non–prostate cancer–specific mortality. ADT, androgen-
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alone (arm 1) or with STAD (arm 2) between September
2009 andMarch 2016 (Fig 1). Forty-six patients found to be
ineligible after random assignment were excluded, leaving
1,492 analyzed. The most common reason for exclusion
was imaging/laboratory workup outside the protocol-
stipulated time frame, and this was equally balanced be-
tween randomization arms. Baseline demographics and

disease characteristics were well balanced (Table 1), with
no significant differences between patients in arm 1 versus
arm two except for T-stage (P 5 .039).

Protocol Compliance

More than 98% of RT plans underwent central review by
principal investigators assessing anatomic target/critical
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structure contours and ensuring dose plans were within
study parameters. More than 90% of plans were scored
per protocol or variation acceptable with regard to tumor
volume contours (91%), critical structure contours
(91%), target dose delivery (91%), and critical structure
dose constraints (93%), with no significant differences
between treatment arms. A 54% random sample of

patients (n 5 399) in arm 2 underwent STAD therapy
review. Ninety-eight percent of these patients re-
ceived bicalutamide, with 79% receiving 80%-120%
of protocol-specified dosing. Ninety-one percent of
patients received LHRH agonist therapy per protocol
(80%-120% of target dose), with 4% underdosed and
2% overdosed.
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Time-to-Event Outcomes

Median follow-up for surviving patients was 6.3 years
for arm 1 (range, 0.0-10.3) and 6.4 years for arm 2 (range,
0.01-10.2). Two hundred nineteen deaths occurred, just
exceeding the prespecified number triggering this analysis.
OS and cumulative incidence rates for PCSM, DM, PSA
progression, initiation of salvage ADT, and nPCSM are shown
in Figure 2. Five- and 8-year OS rates were 90% and 79% for
arm 1 versus 91% and 84% for arm 2, respectively (hazard
ratio [HR], 0.85; 95% CI, 0.65 to 1.11; log-rank P 5 .22;
adjusted HR, 0.84; 95% CI, 0.65 to 1.10). Ten patients died
of prostate cancer in arm 1 versus 1 patient in arm 2
(cause-specific HR, 0.10; 95% CI, 0.01 to 0.80; Fine-Gray
P 5 .007). Five- and 8-year cumulative incidence rates of
DM were 3.1% and 4.3% for arm 1 versus 0.6% and 1.0%
for arm 2, respectively (cause-specific HR, 0.25; 95% CI,
0.11 to 0.57; Fine-Gray P ,.001). Five- and 8-year PSA
failure rates were 14% and 21% for arm 1 versus
8% and 10% for arm 2, respectively (cause-specific HR,
0.52; 95% CI, 0.39 to 0.70; Fine-Gray P ,.001). Patients
receiving STAD were less likely to receive salvage ADT, with
5- and 8-year rates of 6.1% and 9.8% for arm 1 and 4.2%
and 5.8% for arm 2, respectively (cause-specific HR, 0.62;
95% CI, 0.41 to 0.95; Fine-Gray P 5 .025). There was no
significant difference in nPCSM between randomization
arms (HR, 0.92; 95% CI, 0.70 to 1.21; Fine-Gray P 5 .56).
LR rates at 5 and 8 years were 2.6% and 3.9% for arm 1
versus 0.6% and 2.0% for arm 2, respectively (cause-
specific HR, 0.44; 95% CI, 0.22 to 0.90, Fine-Gray
P 5 .021). Combined rates of clinical or biochemical fail-
ure at 5 and 8 years were 14.8%and 22.5% for arm 1 versus
7.9% and 11.4% for arm 2, respectively (cause-specific HR,
0.52; 95% CI, 0.39 to 0.70; Fine-Gray P ,.001).

Multivariable analysis for subgroup comparisons of OS is
shown in Table 2. STAD did not result in an OS advantage
for patients with a single intermediate-risk factor, multiple

intermediate-risk factors, ACE-27 score ,2 or $2,
or predominant Gleason pattern (Gleason score 2-6 v 7
[3 1 4] v 7 [4 1 3]). A trend toward improved OS was
identified in LDR brachytherapy boost patients. With the
exception of patients with Gleason score 2-6, a benefit for
adding STAD was found in all subgroups for both PSA
failure and DM (Fig 3). For context, 10-year PSA failure-free
rates for the overall study population were 75.7% and
84.4% in RT alone and RT 1 STAD arms, respectively,
while 10-year DM-free rates were 92.2% and 96.7%,
respectively.

AEs

Eleven patients, nine in arm 1 and two in arm 2, never started
treatment. In 23 patients, an AE formwas never submitted, so
these analyses are based on n 5 1,458 patients. Acute AE
frequencies by system organ class are shown in Table 3. The
AE rate (any grade) was higher for patients receiving RT plus
STAD (69%) versus those receiving dose-escalated RT alone
(21%; odds ratio [OR], 8.70; 95%CI, 6.85 to 11.1; P,.001).
Multivariable analysis revealed no association of patient age,
number of intermediate-risk factors, RT modality, comor-
bidity status, or race with increased likelihood of experiencing
an acute AE. Significant differences in acute AE rates were
detected in domains of endocrine symptoms (38% v 0.5%),
sexual/reproductive function (17% v 3.4%), constitutional
symptoms (29% v 7.6%), gastrointestinal toxicity (21% v
8.5%), renal/genitourinary toxicities (44% v 16%), and
metabolic/laboratory findings (8.1% v 0.1%) with all
P values, 0.001. Rates of grade$3 acute AEs were 12% for
patients receiving RT plus STAD versus 2% for those treated
with dose-escalated RT alone (OR, 5.67; 95% CI, 3.30 to
10.28; P , .001). Six patients (0.8%) experienced an acute
grade$3 general cardiac event on arm 2 compared with one
(0.1%) on arm 1 (Fisher’s exact P 5 .068).

TABLE 2. Overall Survival by Subgroups: Multivariable Analysis

Subgroup

RT Alone RT 1 STAD

Hazard Ratio (95% CI) PDeaths/Total, No. Deaths/Total, No.

1 risk factor 68/504 58/490 0.85 (0.60 to 1.2) .35

$2 risk factors 51/246 42/252 0.84 (0.56 to 1.3) .41

$2 ACE-27 58/246 45/246 0.78 (0.53 to 1.15) .20

,2 ACE-27 61/504 55/496 0.92 (0.64 to 1.3) .64

EBRT 108/665 95/656 0.90 (0.69 to 1.2) .47

EBRT 1 LDR 10/73 5/75 0.31 (0.10 to 1.0) .05

EBRT 1 HDR 1/12 0/11 — 1.0

Gleason 2-6 9/63 11/60 1.4 (0.56 to 3.3) .49

Gleason 3 1 4 83/499 63/471 0.80 (0.58 to 1.1) .18

Gleason 4 1 3 27/188 26/211 0.84 (0.49 to 1.4) .54

Abbreviations: ACE-27, Adult Comorbidity Evaluation 27; EBRT, external-beam RT; HDR, high-dose-rate; LDR, low-dose-rate; RT, radiotherapy; STAD,
short-term androgen deprivation.
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Late AEs (.30 days after completion of RT) by system organ
class are tabulated in Table 4. Overall late AE rate was
significantly higher in arm 2 (84% in arm 2 v 79% in arm 1;
OR, 1.42; 95% CI, 1.07 to 1.87; P 5 .011). Arm 2 expe-
rienced significantly increased rates of late endocrine events

(45% v 3.3%; P ,.001, 98% grade 1 or 2) and neurologic
toxicity (12% v 5.3%; P ,.001, 89% grade 1 or 2). In arm
2, 103 (14%), 225 (31%), and 36 patients (5.0%) had grade
1, grade 2, or grade 3 sexual/reproductive symptoms, re-
spectively, compared with 79 (11%), 164 (22%), and

PSA Failure Rate(%)Hazard Ratio (95% CI)

.011

<.001

.032

<.001

<.001

.191

.629

<.001

 .033

P-Valuea

86.2

80.3

87.7

83.1

83.5

89.8

81.8

88.4

76.7

RT +
STAD

79.0

68.7

82.7

72.6

74.8

82.5

71.1

77.9

71.9

RT
Alone

0.2 0.4 0.6 0.8 1 1.2 1.6 2

<-- RT Alone ------------------------------------------- RT + STAD-->

No. of Patients (%)

994 (66.6)

498 (33.3)

492 (32.9)

1000 (67.0)

1321 (88.5)

171 (11.4)

123 (8.24)

970 (65.0)

399 (26.7)

PSA Failure

Subgroup

Risk factors

One risk factor

Two or three risk factors

ACE-27 subgroup

≥2 ACE-27 score

<2 ACE-27 score

RT modality

EBRT

EBRT + LDR/HDR

Combined Gleason

Gleason 2-6

Gleason 3 + 4

Gleason 4 + 3

A

Gleason 2-6 upper CI for HR is 26.35

Distant Metastasis Rate(%)Hazard Ratio (95% CI)

.024

.014

<.001b

.023

.003

<.001

.482

.003

.087

P-Valuea

95.7

98.6

100.0

95.4

96.6

98.4

95.2

95.7

98.7

RT +
STAD

91.5

92.7

96.5

92.6

92.0

94.9

98.3

90.9

94.3

RT
Alone

0.25 0.5 0.75 1 1.5 2.25

<-- RT Alone ------------------------------------------- RT + STAD-->

No. of Patients (%)

994 (66.6)

498 (33.3)

492 (32.9)

1000 (67.0)

1321 (88.5)

171 (11.4)

123 (8.24)

970 (65.0)

399 (26.7)

Distant Metastasis

Subgroup

Risk factors

One risk factor

Two or three risk factors

ACE-27 subgroup

≥2 ACE-27 score

<2 ACE-27 score

RT modality

EBRT

EBRT + LDR/HDRc

Combined Gleason

Gleason 2-6d

Gleason 3 + 4

Gleason 4 + 3

B

FIG 3. Patient subset analyses for (A) PSA failure and (B) distant metastasis. HR, hazard ratio; PSA, prostate-specific antigen; RT, radiotherapy; STAD,
short-term androgen deprivation. aP value obtained from Cox regression analysis unless otherwise indicated. bP value from logrank test. cConfidence
interval omitted because of too few events. dGleason 2-6 upper confidence limit for HR is 26.4.
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35 (4.8%) in arm 1 (P,.001). Overall late grade 3 or higher
AE rate was not affected by randomization arm (15% in arm
2 v 14% in arm 1; OR, 1.17; 95% CI, 0.87 to 1.57; P5 .29).
Twenty patients (2.8%) experienced late grade $3 general
cardiac AEs on arm 2 compared with 9 (1.2%) on arm 1
(P 5 .036). There were no significant differences in late
gastrointestinal or genitourinary AEs between treatment
arms. Acute and late AEs deemed at least possibly related to
study treatment are tabulated in Appendix Tables A1 and A2,
online only, respectively.

DISCUSSION

To our knowledge, this study represents the first multi-
institutional, randomized clinical trial to directly examine
the survival impact of adding STAD to dose-escalated ra-
diation therapy for patients with IRPC. The risk stratification
for patient eligibility remains consistent with current IRPC

classification. The RT used, from a treatment intensification
standpoint, remains consistent with current standard ra-
diation oncology practice. Although shorter EBRT regimens
in the range of 4-6 weeks are now used, clinical trials have
demonstrated no difference in disease control rates be-
tween the two approaches.22,23 Dose escalation using
brachytherapy was permitted on the study, per physician
discretion, and its impact on treatment outcomes was
considered as a stratification variable; however, no con-
clusions could be drawn regarding STAD impact on the
basis of RT modality.

This protocol failed to demonstrate a significant impact on
OS for the addition of STAD toRT for patients with IRPC. This
analysis was conducted following a prespecified number of
mortality events detailed in the statistical design of the study,
and it remains unclear whether or not with additional follow-
up a survival advantage will become appreciable. This was

TABLE 3. Distribution of RTOG 0815 Patients by Highest Grade AE by Category for All Reported Acute AEs Without Regard to Attribution

Category

RT Alone (n 5 733) RT 1 STAD (n 5 725)

Patients by Grade, No. (%) Patients by Grade, No. (%)

1 2 3 4 5 1 2 3 4 5

Overall highest grade 62 (8.5) 73 (10.0) 15 (2.0) 0 (0.0) 2 (0.3) 202 (27.9) 216 (29.8) 82 (11.3) 3 (0.4) 1 (0.1)

Allergy/immunology 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Auditory/ear 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0)

Blood/bone marrow 4 (0.5) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 39 (5.4) 6 (0.8) 0 (0.0) 0 (0.0) 0 (0.0)

Cardiac arrhythmia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 2 (0.3) 2 (0.3) 0 (0.0)

Cardiac general 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.8) 5 (0.7) 1 (0.1) 0 (0.0)

Constitutional symptoms 49 (6.7) 7 (1.0) 0 (0.0) 0 (0.0) 0 (0.0) 163 (22.5) 40 (5.5) 4 (0.6) 0 (0.0) 0 (0.0)

Death 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1)

Dermatology/skin 7 (1.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 33 (4.6) 8 (1.1) 0 (0.0) 0 (0.0) 0 (0.0)

Endocrine 2 (0.3) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 202 (27.9) 69 (9.5) 7 (1.0) 0 (0.0) 0 (0.0)

Gastrointestinal 48 (6.5) 12 (1.6) 2 (0.3) 0 (0.0) 0 (0.0) 123 (17.0) 25 (3.4) 5 (0.7) 0 (0.0) 0 (0.0)

Hemorrhage/bleeding 7 (1.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 15 (2.1) 5 (0.7) 1 (0.1) 0 (0.0) 0 (0.0)

Infection 2 (0.3) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 10 (1.4) 5 (0.7) 0 (0.0) 0 (0.0)

Lymphatics 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 5 (0.7) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0)

Metabolic/laboratory 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 36 (5.0) 14 (1.9) 8 (1.1) 1 (0.1) 0 (0.0)

Musculoskeletal/soft tissue 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 12 (1.7) 4 (0.6) 1 (0.1) 0 (0.0) 0 (0.0)

Neurology 2 (0.3) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 21 (2.9) 13 (1.8) 7 (1.0) 0 (0.0) 0 (0.0)

Ocular/visual 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0)

Pain 24 (3.3) 4 (0.5) 0 (0.0) 0 (0.0) 0 (0.0) 68 (9.4) 27 (3.7) 5 (0.7) 0 (0.0) 0 (0.0)

Pulmonary/upper respiratory 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 11 (1.5) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0)

Renal/genitourinary 59 (8.0) 54 (7.4) 7 (1.0) 0 (0.0) 0 (0.0) 186 (25.7) 118 (16.3) 14 (1.9) 0 (0.0) 0 (0.0)

Sexual/reproductive function 8 (1.1) 13 (1.8) 4 (0.5) 0 (0.0) 0 (0.0) 44 (6.1) 45 (6.2) 34 (4.7) 0 (0.0) 0 (0.0)

Vascular 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

System organ class missing 1 (0.1) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

NOTE. AEs were graded with CTCAE version 4.
Abbreviations: AEs, adverse events; CTCAE, Common Terminology Criteria for Adverse Events; RT, radiotherapy; RTOG, Radiation Therapy Oncology

Group; STAD, short-term androgen deprivation.
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possibly the result of an overestimation of the survival impact
of STAD in the study design and is potentially a significant
limitation. Significant reductions in PSA progression, DM,
and PCSM were demonstrated for patients randomly
assigned to receive STAD, translating into reduced need for
salvage ADT. And despite a slight increase in the cardiac AE
rate, there was no difference in nPCSM in patients
receiving STAD.

Increased acute AE rates in patients receiving STAD was
driven largely by grade 1-2 events (83% of all acute AEs in
this cohort) and was predominantly associated with antici-
pated side effects of testosterone suppression. Despite similar

rates of late severe AEs, differences in the domains of en-
docrine, neurologic, and sexual function did persist, as well
as a small increased risk of cardiac events. Many of these late
AEs, especially in the endocrine domain, were likely driven by
their protocol-specified definition of occurrence just 30 days
after RT completion. Further details of long-term impacts of
STAD are addressed in a separate report of prospectively
collected, patient-reported quality-of-life outcomes.

Historical trials demonstrating clinical benefits of STAD in
conjunction with RT have predominantly used doses in the
range of 66-70 Gy (approximately 12%-17% less than those
used in the current protocol) and have shown reduced

TABLE 4. Distribution of RTOG 0815 Patients by Highest Grade AE by Category for All Reported Late AEs Without Regard to Attribution

Category

RT Alone (n 5 733) RT 1 STAD (n 5 725)

Patients by Grade, No. (%) Patients by Grade, No. (%)

1 2 3 4 5 1 2 3 4 5

Overall highest grade 149 (20.3) 333 (45.4) 91 (12.4) 8 (1.1) 0 (0.0) 126 (17.4) 374 (51.6) 93 (12.8) 18 (2.5) 1 (0.1)

Allergy/immunology 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (0.6) 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0)

Auditory/ear 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0)

Blood/bone marrow 29 (4.0) 11 (1.5) 2 (0.3) 1 (0.1) 0 (0.0) 51 (7.0) 10 (1.4) 2 (0.3) 2 (0.3) 0 (0.0)

Cardiac arrhythmia 3 (0.4) 0 (0.0) 2 (0.3) 1 (0.1) 0 (0.0) 6 (0.8) 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0)

Cardiac general 3 (0.4) 9 (1.2) 6 (0.8) 3 (0.4) 0 (0.0) 10 (1.4) 14 (1.9) 13 (1.8) 7 (1.0) 0 (0.0)

Coagulation 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Constitutional symptoms 144 (19.6) 37 (5.0) 4 (0.5) 0 (0.0) 0 (0.0) 195 (26.9) 67 (9.2) 5 (0.7) 0 (0.0) 0 (0.0)

Dermatology/skin 39 (5.3) 8 (1.1) 1 (0.1) 0 (0.0) 0 (0.0) 49 (6.8) 18 (2.5) 1 (0.1) 0 (0.0) 0 (0.0)

Endocrine 18 (2.5) 6 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 242 (33.4) 78 (10.8) 6 (0.8) 0 (0.0) 0 (0.0)

Gastrointestinal 189 (25.8) 75 (10.2) 19 (2.6) 0 (0.0) 0 (0.0) 197 (27.2) 93 (12.8) 16 (2.2) 0 (0.0) 0 (0.0)

Hemorrhage/bleeding 107 (14.6) 38 (5.2) 7 (1.0) 0 (0.0) 0 (0.0) 93 (12.8) 32 (4.4) 7 (1.0) 0 (0.0) 0 (0.0)

Hepatobiliary/pancreas 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0)

Infection 1 (0.1) 24 (3.3) 6 (0.8) 0 (0.0) 0 (0.0) 3 (0.4) 21 (2.9) 8 (1.1) 0 (0.0) 1 (0.1)

Lymphatics 10 (1.4) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 13 (1.8) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0)

Metabolic/laboratory 20 (2.7) 8 (1.1) 3 (0.4) 0 (0.0) 0 (0.0) 61 (8.4) 14 (1.9) 7 (1.0) 3 (0.4) 0 (0.0)

Musculoskeletal/soft tissue 20 (2.7) 13 (1.8) 0 (0.0) 0 (0.0) 0 (0.0) 29 (4.0) 22 (3.0) 6 (0.8) 0 (0.0) 0 (0.0)

Neurology 17 (2.3) 14 (1.9) 6 (0.8) 2 (0.3) 0 (0.0) 55 (7.6) 24 (3.3) 6 (0.8) 4 (0.6) 0 (0.0)

Ocular/visual 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 8 (1.1) 4 (0.6) 3 (0.4) 1 (0.1) 0 (0.0)

Pain 92 (12.6) 47 (6.4) 4 (0.5) 1 (0.1) 0 (0.0) 115 (15.9) 51 (7.0) 8 (1.1) 1 (0.1) 0 (0.0)

Pulmonary/upper respiratory 18 (2.5) 8 (1.1) 2 (0.3) 0 (0.0) 0 (0.0) 24 (3.3) 12 (1.7) 6 (0.8) 2 (0.3) 0 (0.0)

Renal/genitourinary 233 (31.8) 227 (31.0) 21 (2.9) 1 (0.1) 0 (0.0) 248 (34.2) 246 (33.9) 16 (2.2) 0 (0.0) 0 (0.0)

Secondary malignancy 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.3) 0 (0.0) 0 (0.0)

Sexual/reproductive function 79 (10.8) 164 (22.4) 35 (4.8) 0 (0.0) 0 (0.0) 103 (14.2) 225 (31.0) 36 (5.0) 0 (0.0) 0 (0.0)

Surgery/intraoperative injury 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

Syndromes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Vascular 2 (0.3) 3 (0.4) 1 (0.1) 0 (0.0) 0 (0.0) 6 (0.8) 5 (0.7) 1 (0.1) 1 (0.1) 0 (0.0)

System organ class missing 0 (0.0) 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

NOTE. AEs were graded with CTCAE version 4.
Abbreviations: AEs, adverse events; CTCAE, Common Terminology Criteria for Adverse Events; RT, radiotherapy; RTOG, Radiation Therapy Oncology

Group; STAD, short-term androgen deprivation.
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mortality for patients getting STAD.3,5-8 Additionally, multiple
randomized studies have shown clear benefits with escalation
of RTdoses to 78-80Gy, consistent biologically with those used
in the current study.9-11 RT dose escalation has been shown to
result in reduction of both clinical and PSA progression of
disease, as well as in reduced need for salvage therapies, but
has not been associated with OS improvements. Herein, STAD
combined with dose-escalated RT has not resulted in OS
improvement as it did in studies using lower RT doses.

Although there remains no evidence that STAD produces an
OS benefit when combined with dose-escalated RT, it could
be argued that risks associated with STAD remain justified to
achieve reduced rates of DM and salvage therapy use.
However, the relatively small absolute benefits in these areas
could certainly be used as counterpoints. The data derived
from this protocol, along with its companion patient-reported
quality-of-life analysis byMovsas et al30 will allow clinicians to
far more accurately counsel patients with IRPC on the risks/
benefits of adding STAD to RT. Patients will be able to make
more informed choices on the basis of quantified clinical
advantages weighed against prospectively collected, patient-
reported quality-of-life impacts.

No prespecified patient subgroup benefitted from STAD in
terms of OS. Conversely, with the exception of the small
subset of patients in this study with a Gleason score ,7, we
failed to detect any category of patients who did not benefit
from adding STAD in terms of PSA failure or DM rates. Hazard
ratios for these events were remarkably similar regardless of
number of intermediate-risk features, ACE-27 score, or RT

modality. Unplanned subset analysis compared outcomes of
Gleason score 7 patients with 3 1 4 versus 4 1 3 growth
patterns to better fit a characterization of unfavorable versus
favorable IRPC that has been applied more recently,24,25 and
patients benefitted similarly from STAD regardless of the
predominant histologic growth pattern being 3 or 4.

Ongoing research is looking to identify subsets of patients with
IRPC most likely to have their metastatic disease risk reduced
by adding STAD and which may be spared the associated
toxicity. Genomic biomarker profiles have been shown to
prognostically outperform classic clinicopathologic risk fac-
tors, albeit retrospectively,26,27 and are being investigated in
the next generation of RT clinical trials to better select patients
for adjuvant systemic therapies. Additionally, imaging mo-
dalities such as multiparametric MRI, which can optimize the
accurate staging of primary disease,28 and PET imaging with
prostate-specific tracers such as prostate-specific membrane
antigen (PSMA)29 hold tremendous potential tomore optimally
select patients with IRPC likely to benefit from adjuvant STAD.
These diagnostic tools were not routinely used at the time this
study was initiated andmay limit the applicability of these data
to patients staged with these modalities.

In conclusion, STAD added to dose-escalated RT did not
improve rates of OS for men with IRPC compared with
patients treated with dose-escalated RT alone. Reductions
in PSA failure and DMs should be weighed against the
toxicity added by STAD and its overall impact on patients’
quality of life.
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APPENDIX

TABLE A1. Distribution of RTOG 0815 Patients by Highest Grade AE by Category for All Reported Acute AEs Possibly, Probably, or Definitely Related to
Protocol Treatment

Category

RT Alone (n 5 733) RT 1 STAD (n 5 725)

Patients by Grade, No. (%) Patients by Grade, No. (%)

1 2 3 4 5 1 2 3 4 5

Overall highest grade 59 (8.0) 71 (9.7) 9 (1.2) 0 (0.0) 0 (0.0) 220 (30.3) 200 (27.6) 64 (8.8) 2 (0.3) 0 (0.0)

Auditory/ear 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

Blood/bone marrow 4 (0.5) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 30 (4.1) 4 (0.6) 0 (0.0) 0 (0.0) 0 (0.0)

Cardiac arrhythmia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0)

Cardiac general 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.4) 2 (0.3) 1 (0.1) 0 (0.0)

Constitutional symptoms 47 (6.4) 7 (1.0) 0 (0.0) 0 (0.0) 0 (0.0) 159 (21.9) 37 (5.1) 4 (0.6) 0 (0.0) 0 (0.0)

Dermatology/skin 6 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 27 (3.7) 6 (0.8) 0 (0.0) 0 (0.0) 0 (0.0)

Endocrine 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 202 (27.9) 69 (9.5) 7 (1.0) 0 (0.0) 0 (0.0)

Gastrointestinal 46 (6.3) 12 (1.6) 1 (0.1) 0 (0.0) 0 (0.0) 110 (15.2) 16 (2.2) 4 (0.6) 0 (0.0) 0 (0.0)

Hemorrhage/bleeding 6 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 11 (1.5) 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0)

Infection 1 (0.1) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.8) 1 (0.1) 0 (0.0) 0 (0.0)

Lymphatics 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.3) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

Metabolic/laboratory 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 24 (3.3) 11 (1.5) 6 (0.8) 1 (0.1) 0 (0.0)

Musculoskeletal/soft tissue 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.8) 2 (0.3) 1 (0.1) 0 (0.0) 0 (0.0)

Neurology 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 14 (1.9) 10 (1.4) 2 (0.3) 0 (0.0) 0 (0.0)

Pain 21 (2.9) 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 61 (8.4) 17 (2.3) 2 (0.3) 0 (0.0) 0 (0.0)

Pulmonary/upper respiratory 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Renal/genitourinary 52 (7.1) 53 (7.2) 6 (0.8) 0 (0.0) 0 (0.0) 167 (23.0) 111 (15.3) 13 (1.8) 0 (0.0) 0 (0.0)

Sexual/reproductive function 4 (0.5) 10 (1.4) 2 (0.3) 0 (0.0) 0 (0.0) 40 (5.5) 37 (5.1) 26 (3.6) 0 (0.0) 0 (0.0)

Vascular 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

System organ class missing 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

NOTE. AEs were graded with CTCAE version 3.
Abbreviations: AEs, adverse events; CTCAE, Common Terminology Criteria for Adverse Events; RT, radiotherapy; RTOG, Radiation Therapy Oncology

Group; STAD, short-term androgen deprivation.
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TABLE A2. Distribution of RTOG 0815 Patients by Highest Grade AE by Category for All Reported Late AEs Possibly, Probably, or Definitely Related to Protocol
Treatment

Category

RT Alone (n 5 733) RT 1 STAD (n 5 725)

Patients by Grade, No. (%) Patients by Grade, No. (%)

1 2 3 4 5 1 2 3 4 5

Overall highest grade 173 (23.6) 319 (43.5) 66 (9.0) 1 (0.1) 0 (0.0) 155 (21.4) 383 (52.8) 62 (8.6) 6 (0.8) 1 (0.1)

Blood/bone marrow 10 (1.4) 6 (0.8) 0 (0.0) 1 (0.1) 0 (0.0) 34 (4.7) 5 (0.7) 0 (0.0) 0 (0.0) 0 (0.0)

Cardiac general 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.3) 2 (0.3) 3 (0.4) 3 (0.4) 0 (0.0)

Constitutional symptoms 122 (16.6) 21 (2.9) 3 (0.4) 0 (0.0) 0 (0.0) 191 (26.3) 51 (7.0) 2 (0.3) 0 (0.0) 0 (0.0)

Dermatology/skin 20 (2.7) 5 (0.7) 0 (0.0) 0 (0.0) 0 (0.0) 32 (4.4) 11 (1.5) 0 (0.0) 0 (0.0) 0 (0.0)

Endocrine 9 (1.2) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 240 (33.1) 78 (10.8) 4 (0.6) 0 (0.0) 0 (0.0)

Gastrointestinal 164 (22.4) 67 (9.1) 14 (1.9) 0 (0.0) 0 (0.0) 173 (23.9) 83 (11.4) 8 (1.1) 0 (0.0) 0 (0.0)

Hemorrhage/bleeding 98 (13.4) 30 (4.1) 7 (1.0) 0 (0.0) 0 (0.0) 85 (11.7) 26 (3.6) 6 (0.8) 0 (0.0) 0 (0.0)

Hepatobiliary/pancreas 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

Infection 0 (0.0) 11 (1.5) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 9 (1.2) 1 (0.1) 0 (0.0) 1 (0.1)

Lymphatics 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.4) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

Metabolic/laboratory 4 (0.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 46 (6.3) 7 (1.0) 2 (0.3) 1 (0.1) 0 (0.0)

Musculoskeletal/soft tissue 2 (0.3) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 12 (1.7) 7 (1.0) 1 (0.1) 0 (0.0) 0 (0.0)

Neurology 2 (0.3) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 32 (4.4) 9 (1.2) 0 (0.0) 2 (0.3) 0 (0.0)

Ocular/visual 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Pain 61 (8.3) 22 (3.0) 0 (0.0) 0 (0.0) 0 (0.0) 76 (10.5) 18 (2.5) 3 (0.4) 0 (0.0) 0 (0.0)

Pulmonary/upper respiratory 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Renal/genitourinary 224 (30.6) 217 (29.6) 19 (2.6) 0 (0.0) 0 (0.0) 241 (33.2) 239 (33.0) 15 (2.1) 0 (0.0) 0 (0.0)

Secondary malignancy 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0)

Sexual/reproductive function 76 (10.4) 151 (20.6) 29 (4.0) 0 (0.0) 0 (0.0) 101 (13.9) 213 (29.4) 32 (4.4) 0 (0.0) 0 (0.0)

Vascular 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.8) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0)

System organ class missing 0 (0.0) 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

NOTE. AEs were graded with CTCAE version 3.
Abbreviations: AEs, adverse events; CTCAE, Common Terminology Criteria for Adverse Events; RT, radiotherapy; RTOG, Radiation Therapy Oncology

Group; STAD, short-term androgen deprivation.
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